Chapter 5

Viruses

Viruses as Infectious Agents

Viruses are obligate intracellular parasites, and as such they need to replicate within a living cell.  Historically, they caused many feared human diseases, such as smallpox, poliomyelitis, measles, and rubella.  Viruses have caused the largest pandemics in history.  The so-called Spanish ﬂu of 1918 killed at least twenty-ﬁve million people. AIDS is a pandemic viral disease, first recognized in the United States in the early 1980s, which has now spread worldwide and is particularly devastating in Africa.  There are concerns that an avian influenza (bird flu) will mutate into something like the 1918 strain of influenza.  West Nile virus, Hantavirus, and Ebola are other potential concerns (Figure, 5.1).  On the plus side, a devastating human pathogen, smallpox, was eradicated from the globe by immunization, and immunization has controlled other viruses.


Initially, viruses, like tobacco mosaic virus, were described as  “ﬁlterable agents” (Figure 5.2a), because the virus passed through filters too small to let bacteria pass. Too small to be seen with light microscopes, the electron microscope has enabled scientists to view viruses (Figure 5.2b).  All cells are potential hosts for viruses; even bacteria have viruses, which are termed bacteriophages or “phage.”

Virus Structure

Many virus particles are just a nucleic acid genome wrapped in a protein coat (Figure 5.3), but others may have an envelope around the coat and surface “spikes.” Ranging in size from 20 to over 350 nanometers, some viruses are larger than the smallest bacterium (smallpox). A complete viral particle is referred to as a virion. 

Nucleic Acids

Unlike cells, viruses have either RNA or DNA genomes, but never both.  For RNA viruses, like influenza, the genome is made of RNA.  In all cells, and many viruses, DNA is double-stranded, and RNA is single-stranded, but there are also ssDNA and dsRNA viruses.  Viruses can be classified based on nucleic acid composition (Table 5.1).  The simplest viruses encode just a few genes, while the most complex viruses may have a few hundred genes (still fewer than the approximately 4000 genes of E. coli).

Protein Coat

Nucleocapsid proteins coat the genome forming the nucleocapsid, while capsomere proteins form the outer protein “shell” of the virus (the capsid).  There are many viral shapes (Figure 5.3a); the simplest are helical viruses, which have the genome wrapped directly around the capsomere proteins, forming a helical rod.  The capsid proteins of the icosahedral viruses form triangular plates, which self-assemble to form a geodesic dome-like structure.  Some complex viruses have both geometric shapes (e.g., polyhedral plus helical), while others have a non-geometric shape. 


Viral Envelope

The enveloped viruses acquire a section of the host’s plasma membrane when they emerge from the cell.  The membrane has viral proteins embedded in it, which form “spikes” on the surface of the virion.  In the case of HIV/AIDS virus, the spikes are important for attachment to particular white blood cells of the host (T lymphocyte).  Non-enveloped viruses are also termed naked or nonenveloped (Figure 5.3b).

Viral Classification


Viruses can be broadly classified by host cell (microbe, plant, or animal).  They may be classified clinically (Table 5.2) or by the organ or organ system they infect (e.g., dermotrophic, viscero​trophic, neurotrophic, or pneumotrophic). However, as described above, viruses are most commonly categorized by their nucleic acid and shape.  Over 30,000 viruses have been described, and they form 108 separate families.

Viral Replication

The easiest viruses to study are the bacteriophages, as the host bacteria are easier and less expensive to grow.  Thus, the replication of the T4 phage (a complex bacteriophage) has been a general model for studying viral replication.  There are five stages to the viral replication cycle (Table 5.3 and Figure 5.5). Antiviral drugs interfere with one or more of these stages to inhibit the production of new virus.


Adsorption

Viruses must attach to their target host cell before they can enter it.  This requires that the virus recognizes specific receptors on the host surface (cell wall for bacteria and plasma membrane for animal cells).  The virus is said to “dock” with the cell surface receptor.  This requires specific recognition between virus and host.  In phage and animal cells, this specificity of recognition establishes the host range of the virus (Figure 5.6).


Penetration

Viruses have evolved a variety of strategies for delivering their genome to the host cell’s cytoplasm (Figure 5.7).  For some (e.g., phage, polio), the nucleic acid alone enters the cell and the virion remains outside the cell.  For some enveloped viruses (mumps, measles, etc.), the viral and cell membranes fuse, releasing the nucleocapsid into the cytoplasm.  Finally, for other enveloped viruses, the cell engulfs the entire virion by endocytosis.  Here, the virion is encased in a vacuolar membrane, which must fuse with the viral membrane so the nucleocapsid can enter the cytoplasm (pox viruses, influenza).


Replication

The replication process is dependent upon the genome type of the virus. The cell acts as a factory for making viral parts.  The genome encodes the genes (blueprints), which ultimately are translated into protein (viral parts). The cell provides the materials (amino acids, etc.) and machinery (ribosomes, tRNAs, enzymes, etc.) for building these parts.


Assembly

Once the parts are made (proteins, genome, etc.), the viral parts “self assemble” in a type of assembly line to make new virions (Figure 5.8).

Release

Once the new virions are made, they must exit the cell by one of several virus-specific mechanisms.  In the case of phage and some animal viruses, the host cell is killed, as enzymes cause the cell to burst open (lyse), releasing hundreds of new virions (Figure 5.9).  In other cases, virions are released by a reverse of endocytosis; a process known as “budding.”  Here, regions of the plasma membrane are studded with viral proteins.  The nucleocapsid attaches to these proteins, causing the plasma membrane to be pulled tightly around the nucleocapsid.  The completed virion then pinches off from the cell surface (Figure 5.10). Budding is more gradual than lysis and does not necessarily kill the cell.  The number of virions created per animal cell ranges from thousands to over a hundred thousand (polio). 

Host Cell Damage
Most viruses damage or even kill their host cell.  Evidence of damage is found in a virus’s characteristic cytopathic effect (CPE).  Viewed microscopically, the CPE may be helpful in viral identification.  CPE may be identifiable from tissue samples, but also in cell culture.  For instance, observation of Negri bodies in brain tissue is diagnostic for rabies virus.
Cultivation (Growth) of Viruses
Bacteriophage are easily and inexpensively grown in bacterial cultures.  However, it is not practical to grow animal viruses in animals (animals are expensive to keep and their use poses ethical problems).  Use of embryonated chicken eggs and animal cell culture are practical alternatives to using live animals.  

Embryonated (Fertile) Chicken Eggs
In the 1930s, it was discovered that some animal viruses could be grown in embryonated chicken eggs, as an inexpensive alternative to using live animals.  There are several different locations and membranes that offer different niches for certain viruses (Figure 5.11).  The influenza virus used in making influenza vaccine is grown in eggs.  Egg proteins must be separated from the virus before the virus can be used.


Cell Culture
For more than 50 years, virologists have been using animal cells grown in culture to grow and study viruses (Figure 5.12).  The ability to grow poliovirus in monkey cells in culture led directly to the development of the Salk and Sabin polio vaccines.  Using live monkeys for this process was a great hindrance to the study of polio.
Diagnosis of Viral Infection
Unlike the routine identification of bacteria, it is impractical to culture viruses routinely for identification purposes (it is expensive and time consuming to grow viruses, even in cell culture).  Viral illness is frequently diagnosed based on diagnostic signs and symptoms exhibited by the patient.  Telltale rashes are particularly helpful (as for measles, chicken pox, etc.).
Phage Therapy
Using bacteriophage to fight bacterial infections in humans was something once investigated by microbiologists, but it was abandoned in the Western world when antibiotics became available in the 1940s.  However, several Eastern countries have maintained an interest in the study and implementation of phage therapy (Georgia, once a part of the USSR).  The problem of antibiotic resistance has rejuvenated interest in phage therapy even in the United States, where the use of phage to kill methicillin-resistant staphylococci is being explored (Box 5.2).
